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February 21, 19y,
1097-061-12

Dow Chemical u.S.4,
B-1226 Building, Texas Division
Freeport, Texas 7754]

Attention: Ms. Kiren Schubart

Gentlemen:

Preliminary Report

Hydrogeolcgic and Engineering Studies
Proposed Hazardous Waste Landfil)

For Dow Chemical . Toxas i, 1 ion

We are pleased to present efcht copfes of our preliminany report,
"Hydrogeologic and Environmenta) Studies, Proposed Hazardous Waste
Landfill, for Dow Cremical, Texas Division."

The contents of tnisg report were discussed with Dr. Bone and
other representatives of Dow in meetings and by telephone during early
February. We understand that Dow intends to adopt the recommendations
presented in this report. Implementation of the recommendations will

35 0 avoid areas underlain
luvial deposits. Further, as no leachate

s5ign, a more comprehens{ve
shallow ground water monitoring system than required under RCRA will be

The first phase of the lendfil) win occupy approximately 3 acres
n the rorthwest corner of the 17-acre parcel invectigated for this
report. This area is not unde

rlain by Recent river deposits;. Addi tiona)
borings are presently being dril;c

cd to the west of the old site to
explore the continuity of the clayey Pleistocene deposits and to deter-
mine whether any conceale!, relic meanders of the Brazos River are
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present. Durirg this drilling program, the ground water monftoring
system ig being installeq

The log of borings drilled to date indicates 10 shallow sang trata
and it appears likely that the remaining intermediate borings wipj
confirm the relative uniformity OF the soi} corditions oyer the new site
area. We therefore recommend that Doy Tinalize thaip designs, ang adopt

’ N a4 censtruction Schedule which will ensyre that the landfin is available
d

In the event that any unexpected soil conditicns are €ncountered
in the remaining borings which would Cause ys to modify oyr recommenda-
tions, we wil) notify Dow in Writing at the earliest Opportunity,

fina} "eport wil) pe submitteq folloning completion of the
supp)ementary bcing program aad any associated testing, The report will
include pre!vminary backgroung water Quality analyses from the new
monitor wells, We anticipate that thig report will pa available three to
four weeks after completion of the fielg work .

and we Jook formard o continuing oyr association with Dow on future
related projects. 1f You have any questions corcerning ¢1,i report, or
if we can pe of addstiona) assistance, please do not hesitate to contact
us.

Yours truly,

DAMES & MOORE
) >

; '
Stuart Edwards
Project Manager
"
}lﬁ’
James R, Hussey, p g,
Partner
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SITE UESCRIPTIGN

The proposed landfil) win be constructed at the Dow Chemical Plant
B, located in Brazoria County approxiaate)y 8 milasg nerth of .phe Gulf of
Mexico (Plgte 3 Vicinity Map). The town of Clyte is located approxi-
mate'y 2 mi)es to the fiorth; Velasco and Freeport are dpproximately 2 to
3 miles to the east, The topographic map (Plate Z Site Map) is 3 photo
enlargement of a 1:24000 scale bluepring Brovided by Doy Chemicay, This
enlargement provides a scaye of 1:6000 (} inch = s5pg feet) ang can be
found in 5 pocket at the rear of this report.,

The '.scﬂity will occupy approximately i7 acres within an 80-acre
parcel of lang adjacent to the Brazos River that has been set aside
for long-term development as a iand.’ill, but which was originaly Jraded
and used a5 , surface impoundment for Wastewater treatement, The
impour.dmen‘t 1s registered With the Texas Department of Water Resources.

canal to the rorth. The adjacent land to the ecast ig Presently yseq as a
burning ground and sulid waste disposal site, with two incinerators
located anprnximateiy 100 feet from the easterly siteo boundary. At the
solid waste disposa) site, the land surface adjacent to the incinerators
has peen raised by approximately 12 feet above the Natura; surface
elevation by fin materials, This raiseq area forms part of the dike
System that has been buijt around the perimater cf the 80-acre parce].

The parcel is located within the meander belt of the Brazos Piver.
Natural vegetation .as “tripped during site grading for the originalyy
planned surface impoundrent. Surfece elevations range between 8 and
11 feet above mean se, Tevel, angd an earth dike 5 to 12 feet in neight
has been Constructed around tip perimeter, The dike serves to contain
direct rainfal which js Channeled by a ditch along the inside perimeter
of the diked area, Stormwater may be discharged from a trap intn the
drainage cany) o the norgn.
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GEOLOGY

The Do Chemical {Texas Division) lant a¢ Freeport. Texas lies
within the Gulf Coast Physiographic Province. This province is chara
terized by relatively flat, featureless plains bordering the Guif Cnast
basin and the Gulf of Mexico. The overal) depositiona) history of the
Gulf Coast has been one of gulfward migration of shorelines and the
continental sherf edge, Teaving thick accumulations of sediments dipping
qulfward with inclinatione generally of Tess than ¢ degrees, Furthe-,
this migration has Superimposed progressively Tandward depssitiona!
environments {generdlly sandy) over an open marine depositional environ-
ment (gcnere”y clayey) in an extremely Complex and dynamic interplay
tnvo)ving baszina) Hiling. regional Subsidence, shiftfng depositiona;

environnents. 53 level fluctuations and development of structures by
salt and/orAshale diapirism,

stress relief in an actively growfng/subsidfng basin, a- sediments are
Carried ang deposited beyond the contizenta) shelf, stresses builg up
nearshore dye ¢o the increaseqd weight of the accumulatfng basinail
sedimentaticy,., These faults, which are known as growth faylts. are
usually very long, but Produce 1itt)e surficial expression dye largely to

the general plastic Character of the overlying Ouaternary deposition.

Recent oi) Studies indicate that the triggermg of active surface
fau!ting is influenceq by lucal subsidence directly related to the oi1,
witer and 93s productign rates from ap area. The rapid 10wering of
piezometric surfaces of Suly Coast aquivers can be a possible mechanism
for fault activation ang deformation.

-5.
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In the vicinity of the site the area) distribution of the various
surficial deposits has been completely dominated by the historical
wanderings of the Brazos River, These kecent deposits, including inter-
distributary clays, silts and sandy silts, alluvial sands and silty sands
and deltaic organic <ilts and silty clays, extend to depths of up to 120
feet. Deep borings (>5G0 fect) in the area reveal that alternating
clays, silts and sands of the Beaumsn+, Montgomery and Bentlev formations

‘ extend to depths of 500 to 600 feet where the Willis Sand is first
encountered. The Willis continues to a depth of approximately 1,100 feet

representing the base of the Chicot Aquifer (see Geohydrologic Column,
Plate 3).

V.XIONIddY o

8ryan Yound, a shallox piercement dome, is located approximately 5
miles SOuth-southeast of the s’te, Dcep subsurface faults are known to
radiate frqm this dome in several directions, However, the displacement
observed at these depths (2,000 to 3,000 feet) produces little, if any,
surfic’al expression due largely to the plastic natuyre of the overlying
Quaternary sedimaniation. Further, the mech=aizm of o,7: Coast “growth
faulting" is characterized by landslides or gravity-slides which oroduce

a situation whereby the displacement js reduced or "dies" as the surface
is approached.

~__/ Literature reveals the existence of just such 3 deep-seated feature

located north of the site, subparal!:)fng the coastline. The feature is

presumably a growth fault. It lies Jutside of the req.ired mile boundary

and i3 therefore of M0 consequence to this report. Upon close scrutiny

of available maps and aerial photography (both black-and-white and color

inTrared), the two crossing-tonal 2nomalies mentioned in our proposal for

, this project have bean, 1n our opinion, photogrametrically misinterpreteg
and are actually pipeiines

Detailed information relating to site geology is presented in
2 subsequent section, "Site Conditions,*”
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YDROLOGY

SURFATE W (gq

controlled by ihe 8razos Riyer. Po

3 construction design consideration, Drainage of the Bra
Jyster Creek is towards the s:uth-soutne:st. with a minor

area west p* the Brazoe draining ip 2 south-southuesterly direction via

Jones Creek, AN streams ang natural drainage Sy'Stems eventually empty
into the Intracoastal h’aterway and the Gulf of Mexico.

Surface drainage
features are shown on Plate 2,

The Freeport area nas been subject to frequent a
The construction of control structures along the g
protection {n the form of levees.
extent,

nd serioys ﬂooding.
razos, together with
has mitigateq the problem to a large

The U.S, Corps of Engineers perfurmeq 4 preliminary flood st'dy for

=year surge elevation will pe
14 feat ove sea Jeyea) (Exhibit 1). The highest recorded flooq Yevel ip
the area report.d on Exhibit | (1.2 feet) wag prior to construction of
the contro) structures gn the Brazos

According to the Federa) Insurance Admir:istrati.m
Map for the City of Lake Jackscn. the 100-yoar flood
site is approximate!y 13 feet.

Insurance Rate
elevation at the

GROUND WATER

Fomations providing Potadle groyag water in Brazor
in 23e from Pliocene to Holocene. These units are:

the Goliag sand,
Willis sand, Bentley forr:aticn. Nontgomery fomatl’cn.

Beaumont clay ang

=
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the Ouaternary alluviyp, These are grouped together o form the Chicot
Aquife - (Lpper and lower unitg) and the Evangeh’no Aquifer 35 shown on

these formticns Mmay pe 2bsent due tn ..andeposftfcn or €rasion, The

)arge!y confineq due tq the lenticu)ar Nature of the sang beds and the
bresence o 1nterbadday Clays.

The Evangeh'ne Aquifep is a Sequerce of alternating beds of Sand ang
Clay which 9eneraﬂy Contain potatie water. 1, the Project area, the
top of this ‘aquifer is approximte)y 1,000 to 1,200 fent beneath the
surface. I't hag nat been developed in the Freeport area 3¢ it has been
fourd ¢ Contain salipe water,

In the Project area, the Uprer ang Tower units of the Chizot Aquifer
differ from the Evange”no in penr.cabl'lity. ple;omctric )evel, Stratj.

in the Freeport area pa- Preducee 4 reciona) cone of d*presslon which
extends beneatn the plang site (Plate 4) where tie piezome tric Surface ig
at approxi:nately Elevation =45 fepy {mMsL),

il
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feet below €2 level apq Mmassive sands 5 to 10
elevations approxlmately IS to 20 feet
portion of the site. The sands are part of tne Rec.

by the Brazos River, Hydraulie Correction Uetween these sands and the

e comp)etely ruled oyt. “efore
extensive Pumping f{pn the Freeport area,

existed in the aquifers. The Evangenne.
/—\ upward into the Lower Chicot. Flow §
water table conditions jp some
project area, was jp part vyer

7 the Upper Chiccv., which was under
areas and under artesian Pressure ip the
tically upwards towards 20nes of finter.
vial Sys tems. Reversal of the hydrauliz
Cnering the pfezometric

The lower uait is stiy) artesian
throughout the project area.  The upper unit, however. being the riost

highly developeg aquifer jip the area, is Producing signs of water table

conditfons'uith some recharge most likely takiang Place from the Brazos
and San Bernarg Rivers,

are in direct hydraulic connection wigh the u
to high sﬂinfty of the ground w

2 significant source or recharge, Cause an jnc -,
the ground water in the Upper Chicot,
W

- kecent data frog the Oyster Creek

the chloride level i, the
Upper Chicot s essentially ¢p, Same as it wag in 1953,

i An estimate of the nuthar of “ells within )
site has been made by Doy and conf{rmeg by
These welis are generally screened
200 feet. A breakdown of the tota)

mije of the Proposed
the County Health Officer,
in the Upper Chicot batween 160 and

estimate of 46 wells, by area, is

-9.
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SITE CONDITIONE

Three separate investigations have been performed at the site
between 1972 and the present, during which 16 borings were drilled.
Locations of the borings and subsurface sections are shuwn on the
Plot Plan (/late 5). The logs of borings drilled during this investi-
gation are presented in Appendix A. Logs of previous borings are not
presented in this report, but have been used in th: development of cross
sections AA-, BB-, CC- and DD- (Plates 6 thiough 9).

A review of the boring logs and cross sections reveals a charge
in soil conditions across the site. In the vicinity of Borings Di-1 and
MW-3, the stiff to very stiff clays o7 the Beaumont formation were
encountered at shallow depths. In contrast, Boring MW-1 revealed more
than 50, feet of interbedded sands, silts and clay mixtures overlying the
Beaumont. An analysis of all the available boring data enabled an
fsopach to be drawn which shows the top surface of the Beaumont clay
{Plate 10). From the configuration of this surface, it is clear that
a portion of *he site is underlain by an old river meander which has
been infilled with a variety of river sediments. Despite the hetero-
generty of the river deposits, there appears to be a consistent stratum
of clay overlying the whole site which is gencrally at least 10 feet in
thickness.

These surface clays are relatively impermeable, with measured
permeability values in the range 1 X 107" cm/sec to 1 X 10'8 cm/sec.
The shear strength of this material tends to vary depending on tho degree
of desiccation and the gpresence of organics. Shear strengths of the
materials in the upper 10 feet have heen measured in thc range 500 p:f
to 2,500 psf, and seem to average around 1,000 psf. The Beaumont clay
is stiff to very stiff, with shoar strengths ranging from approximately
1,500 psf to more than 4,000 psf. Tne river deposits between the

=-12-
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Beaumont ang the surface €ap of clay tend to be silty and sandy and
medium dense.

The ground water tabll at the site varies in elevation frop
dpproximately +8 in the vicinity of Boring MW-3 to @ in the vicinity
of Boring My-1, indicating a southeasterly f)ow of the shallow ground
water. This f{s entirely reasonable in view of the regional drainage
(predomfnantly southerly) and the proximity of the Brazos River, The
grovnd water table over most of the sjite area appears to be on the order

1F
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DESIGN RECOMMENDATIONS o

GENERAL |
Pending EPA regulations require that the suftability of 2 site [1
for hazardous waste disposal bhe evaluated in far greater detail than i
generally required in the past. The stated objectives of EPA in prepar- s
ing the regulations are to protect the quality of ground water and g
surface water. Accordingly, flood susceptibility, depth to uround ;
water, and the properties of shallow subsurface soils are of paramount '3
importance. 3
The proposed site is located in an area which is prone to flooding, -

and the depthi to the uppermost ground water table is shallow. However,
these apparent deficiencies are, in part, compensated by the local
geologic ard hydrologic conditions and can, in our opinion, be further
mitigated by the use of preperly engineered features.

The shallow ground water at the site is moderately to highly saline,
and is nct believed to b2 a source of recharge for the Upper Chicot
Aquifer in this area. The surface soils in the site area appear to be
consistently clayey with discontinuous sund. present only below a depth
of 8 to 10 feet over the southerly portion of the site. It should be
noted that these sands have the potential for contaminant transport,
as determined during a previous investigation at the site. The results
of this investigation are discussed in greater cdetail in the follow-
ing section, “Ground Water Monitoring." The source of contaminants
discovered in these cedirents is not known, and it is possible that
sianificant lateral mcvement hes taken place. There is a possibility
that there are small outcrops of sand within the site area which were not
observed during the investigat‘on. {f present, such outcrops could
provide a conduit for the migration of contaminants from the surface.
The necessity for carefu! inspection of the surface of the landfill

-14-
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during construction is clear, Measures to mitigate the presence of sych
sand outcrops are discussed in the foliowfng Pa “agraphs.

The potentially adverse eifects of the interbedded sands underlying
the southerly portion of the 5ite may be further mitigated by relocation
of the development of the ffrst-phase landfill ¢o the west, The alter-
nate location would be selected sych that tha cell, or group of cells,

/ﬂ would be underlain by the Stiff, more homogenous Beaumont clay.

LINER DESIGN

Precipitation in  the d'ea  exceeds evaporation by aprroximately
4 inches, A liner design consisting of liner and leachate collection

Tiner system Py be constructeq using suitable inplace or imported soi].

A!ternat:vcly. 3 composite sof) and membrane liner could be utilized.

Since the site is underlein by , stratum of Jow permeability clay, a
) 5-foot thick, natural soil liner with a leachate collection system f{s
likely to be the most economic option, Under the pending regulations,
the bottom of the liner should, where pessible, pe Separated from the
ground wate: table by a minimum of 5 feet. The natural ground surface in
the site arca is on the order of g to 10 feet above sea lTevel, and the
ground water table is a¢ 4 depth of approximately 4 to 6 feet. The
specified Separation wil) require the placeaent of approxirately 5 feet
of fili throughout the site, resulting in the import of more than 100,000
cubic yards of clay,

Under the provisions of the pending regulations, the S-faot
separation may pe waived if ¢ can be demons trated that the ground water
table will not come in coutact with tie Iand.'il). and that 4 leachate
monitoring system can pe installed satl’sfactorily. The design of the
leachate monltoring/collectfon System js Tikely +o be a critica) factor
in the assessment of the appHcabthy of this waiver,

a8




The base cf the landfil) should be maintained at or above the
present land surface. The potenrtial for contact betwcen the ground
water tadle and the landfill will tous be minimized.

Prior to gereral grading of the iiner surface, the entire arec
should be stripped to a denth of § inches to permit a thorough inspection
of the soil for identification of any zones of sand which may be present.
In the event that a sand zone is encountered, it must be excavated to a
depth of 5 feet and replaced with compacted clay. A further advantage of
relocating the site to the west is that the possibility of encountering
such a feature is minimized.

Tie clay liner must be graded to drain so that the ‘eachate
collection system will functicn properly, and leachate will not be
permitted to pond on the surface of the liner. The design grade should
e no less than 1 percent towards the central collection system. The 12
inches of porous medium required by the regulations for t“2 leachate
collection system should be placed over the gr2<:Z liner surface. The
use of a lightly compacted medium to coarse sand is recommended for this
purpose.

An 2lternate design for the liner system is shown on Plate 11 and
is discussed in the section, “Leachate Monitoring." This design will be
required only in the event that a leachate detection system is recuired
by regulation, in addition to ihe collection sys*em.

LEVEE DESIGN

According to the pending regulations, the perimeter levecs should be
designed to protcct the facility from a 500-year storm. The magnitude of
a 500-year storm surge his not deen calculutea for this area. We there-
fore recommend that the flood protection system be based on the 100-year
surne elevation of +14 feet with a 2-foot freeboard above that elevation.

-16-
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It sheuld oe noted that the site prep.

the liner surface and installation of
will be r:latively expensive,
advantage to raising the

minimize the area of landfil required,

“tion for the liner (grading of
the leachate collection System)
+ there may pe some significant
he recommended elevation

Therefore

s to

jesomra |

We recommeng that tae levees be constructed ysi
with ocutside slopes of 2 horizontal to 1 vertical an
1-1/2 horizontal to 1 vertica). Thare win be no si

Ng compactad clay, A
d insidz slopes of
gnificant advantage

of providing a keyway around th e levee, Providing

that any sane 20nes
previously.

FILL PLACEMENT

Surfaces to receive f

i1l should pe scarified ¢+~
inches

3 depth of 12

» Moisture conditioned to near optimum moisture Content, and

compacted to dry density of at Teast 90 percen
density as defined by the ASTH 1557 - Fi1l should be
placed in 8-inch loose lifts 51§ i

moisture content and
compacted to at least 90 percent relatiye compaction.
\—/

inspection of the site for sand outcrops should b
2 qualified soi)s engineer. AN

oLserved continuously by the soils ¢

¢ performed by

fi11 placement operations should pe

ngineer.
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